Introduction

M
etabolic syndrome (MS) is defined as a cluster of various risk factors associated with the development of cardiovascular disease (CVD) and diabetes. Although over last years, different evaluation criteria has been proposed, the most recent, accepted by the International Diabetes Federation (IDF) and the American Heart Association/National Heart, Lung, and Blood Institute (AHA/NHLBI) in 2009, allows to diagnose MS in case of at least three abnormal findings out of following five: central obesity, raised blood pressure (BP), raised triglycerides (TG), lowered high-density lipoprotein cholesterol (HDL-C) and raised fasting glucose (FG) level. 1 The prevalence of MS in the adult Polish population remains unclear. In the WOBASZ Study, MS was identified in 23.9% of women and 26.0% of men (according to the AHA/NHLBI 2005 definition) and in 26.8% of women and 30.7% of men (according to the IDF 2005 definition). 2 However, in IDF definition, central obesity was considered the essential component of MS, while in the American criteria, the suggested waist circumference (WC) cut-offs were higher than those currently accepted for Europids. 3, 4 Instead, the prevalence of MS among 40-and 50-year-old inhabitants of Wroclaw, in compliance with the criteria from 2009, was 12.7 and 33.1% in the group of women and 30. 4 and 42.1% in the group of men, respectively. 5 All components of MS are modifiable risk factors for CVD which means that lifestyle changes may favorably impact their occurrence. Unhealthy diet has been associated with all conditions related to MS, including hypertension, impaired FG, dyslipidemia and obesity. [6] [7] [8] Nevertheless, it appears that none of the single food products or nutrients generally considered unhealthy, e.g. saturated or trans fatty acids or refined grains, is fully responsible for the entire spectrum of disorders occurring in the MS. For this reason the assessment of the cumulative effect of the diet on health, using the statistical method called DPs analysis, may contribute to determining the most unfavorable eating patterns in the population.
The aim of this study was to assess the relationship between DPs derived in the adult population of Lower Silesian Voivodship and the occurrence of MS and its components.
Methods
Study design and participants
The Prospective Urban and Rural Epidemiological (PURE) Study is an international, epidemiological cohort study involving 153 996 adults from 17 low-income, middle-income and high-income countries. Its aim is to investigate the relationship between the level of urbanization, the development of risk factors and the prevalence of CVDs. The design and main results of PURE Study have been published previously. 9, 10 The study group included inhabitants of Lower Silesia, enrolled in the Polish arm of the PURE Study in the years 2007-09. Subjects were recruited through the radio and television announcements. The study was approved by the Polish Ethics Committee (No. KB-443/ 2006). All individuals were volunteers and signed an informed consent form before any study procedures were performed. Inclusion criteria in the study were as follows: age 35-70 years (in accordance with the general assumptions of the PURE Study), daily energy intake 500-4000 kcal and complete medical data concerning studied variables. 9 Finally, 1634 subjects (1045 women and 589 men) were included in the analysis.
Data collection
Dietary intake was estimated based on the data from the food frequency questionnaire (FFQ). As the average consumption of different food products is culture-dependent, the FFQ used in the PURE study were country-specific. FFQ used in the PURE Poland Study was developed and validated specifically for the population of Lower Silesia.
11 It consisted of 154 food products and dishes whose frequency of consumption during 12 months preceding the study was recorded in nine categories: 'never or less than once a month', '1-3 times a month', 'once a week', '2-4 times a week', '5-6 times a week', 'once a day', '2-3 times a day', '4-5 times a day', 'more than 6 times a day'. In order to assess the average portion sizes of consumed food, the 'Album of photographs of food products and dishes' was used. 12 
Dietary patterns identification
To identify DPs in the study, food items from the FFQ were classified into 22 following groups: alcohol, animal fats, beverages, chips, eggs, fish, fruits, juices, milk and dairy, mixed dishes, nuts, seeds and raisins, plant fats, potatoes, poultry, processed meat, red meat, refined grains, soups, sugar and honey, sweets, unrefined grains and vegetables. Food products were categorized based on their composition and nutritional value. Mixed dishes included dishes containing meat and vegetable ingredients, such as: baked beans with meat, stuffed cabbage leaves, dumplings, sauerkraut with sausage and meat and vegetable salad.
DPs were derived a posteriori using principal component analysis (PCA) with varimax rotation. The aim of the PCA is to identify the main patterns of food consumption, explaining as much of the data variance as possible. In this method, DPs are identified based on the actual data on the usual consumption, so the results obtained may vary significantly between studied populations. 13 In this study, the Kaiser's criterion, scree plot and interpretability of derived factors were used to determine the final number of identified DPs. Values of factor loadings for food groups higher than 0.50 were accepted as the cut-off point.
Measurements
FG, TG and HDL-C levels were tested in venous blood samples. HDL-C and TG concentration were measured using the enzymatic assay SPINREACT (Sant Esteve De Bas, Girona, Spain). Blood glucose level was tested after an overnight fast, using the Ascensia Entrust Glucometer (Bayer, Germany). All studied variables were expressed in mmol/l.
Systolic and diastolic BP were measured using a certified digital sphygmomanometer (Omron HEM-711 IntelliSense, Tokyo, Japan) and expressed in mmHg. Patients were instructed to rest for 5 min before blood pressure measurement. In the analyses were included the average values of BP measured twice in each participant.
WC was measured in the middle point between the lowest rib and the iliac crest and it was expressed in centimeters with 0.5 cm precision.
MS was diagnosed when at least three criteria of the following five were met: FG !5.6 mmol/l (100 mg/dl) or drug treatment for elevated glucose; systolic blood pressure !130 mmHg or diastolic BP !85 mmHg or antihypertensive drug treatment for previously diagnosed hypertension; HDL-C <1.0 mmol/l (40 mg/dl) in males and <1.3 mmol/l (50 mg/dl) in females or history of drug treatment for this abnormality; triglycerides !1.7 mmol/l (150 mg/dl) or history of drug treatment for this abnormality; WC !80 cm in females and !94 cm in males. 1 Place of residence was classified as urban or rural and education level was recorded as follows: elementary/unknown, trade, secondary/high school or university. Physical activity level was assessed using the International Physical Activity Questionnaire and expressed as the metabolic equivalent minutes per week (MET-min/week). The number of MET-min/week lower than 600 were considered low, 600-3000-moderate and higher than 3000-high.
14 Smoking status was recorded in three following categories: never smoker, former smoker and current smoker.
Statistical analysis
All statistical analyses were conducted using the Statistica software version 12.0 PL (Statsoft Inc., USA). For each DP, study participants were divided into four groups (quartiles, Q), based on the factor scores of their diets. The socioeconomic factors and the components of MS were assessed in the group of subjects with and without MS. The percentage of subjects with abnormal values of FG, HDL-C, TG, BP and WC, as well as the percentage of individuals diagnosed with MS, were calculated in the lowest and the highest quartile of each DP. Differences between Q1 and Q4 were calculated using chisquared test. In order to assess the risk of the MS and its components occurrence in the quartiles of identified DPs, logistic regression was applied. The values of the lowest Q were considered a reference level for each DP. Two models were created: first model based on the crude data, while second model was adjusted for potential confounders: age, sex, place of residence, education level, physical activity level, smoking status and total energy intake. The level of statistical significance for all analyses was set at = 0.05.
Results
The mean age of the study participants was 54.5 AE 9.8 years. About 44.1% of individuals (41.8% of women and 48.2% of men, P = 0.012) were diagnosed with MS. Compared to the subjects without MS, in the group of subjects with MS there was more older people and inhabitants of rural areas and less those having university education level. The presence of MS was associated with higher blood pressure, TG, FG level and WC, as well as lower HDL-C. The complete characteristics of the study group are presented in table 1 .
In the PCA, three main DPs were identified. First pattern had high factor loadings for refined grains, processed meat, sweets and sugar and honey and it was called 'Western' DP. Second pattern, 'fruit & vegetables' was characterized by high consumption of fruits, vegetables and nuts, seeds and raisins. Last pattern, called 'traditional', was positively correlated with mixed dishes, soups, fish and red meat. Together DPs explained 35.2% of variance. The factor loading matrix for identified patterns is shown in table 2.
The characteristics of the study group across the quartiles of DPs in respect to the MS components occurrence is presented in table 3. In the upper quartile of the 'Western' DP, in comparison with the bottom quartile, there were significantly more subjects with abnormal levels of FG, HDL-C, triglycerides and WC (P < 0.05). Similar differences, except of HDL-C, were found between the quartiles of 'traditional' DP. Inversely, in Q4 of 'fruit & vegetables' DP, compared to Q1, lower prevalence of raised blood pressure and triglycerides was found (P < 0.05). 'Fruit & vegetables' DP was associated with lower percentage of subjects with MS (Q4 vs. Q1: 40.4 vs. 48.9%), while for 'Western' and 'traditional' DPs observed relationships were opposite (Q4 vs. Q1: 50.7 vs. 40.8% and 51.0 vs. 38.3%, respectively).
In the model based on the crude data analysis, participants in Q4 of 'Western' DP, compared to Q1, had significantly increased risk of abnormal FG level (OR 1.47; 95% CI 1.11-1.95), HDL-C (OR 1.62; 95% CI 1.14-2.30), TG ( 
Discussion
DPs are defined as the quantities, variety, proportions and combinations of food products and beverages and the frequency of their consumption. DP analysis takes thus into account the synergistic effect of consumed foods on health.
15 Prevalence of MS and MS components were significantly associated with identified in the herein study 'Western', 'fruit & vegetables' and 'traditional' DPs. Subjects with a high factor scores for 'Western' and 'traditional' DPs were more likely to have abnormal values of most of the analyzed components, whereas 'fruit & vegetables' DP was related to lower risk of these abnormalities. It is worth mentioning that the prevalence of the MS in the study group was higher than reported in other studies, what might be related to the use of other diagnostic criteria. 2, 5 DPs derived in epidemiological studies are often named 'Western' and 'prudent/healthy' due to the widespread occurrence of these types of diets in many populations. They are usually oppositely associated with the occurrence of MS, as well as often accompanying it insulin resistance. 8, [16] [17] [18] However, due to the differences in the detailed characteristics of patterns identified in different populations, observed relationships between DPs and the prevalence of MS may vary.
Choi et al. 8 observed that Korean women in the highest quintile of the 'prudent' pattern, characterized by high intake of fruits, nuts and dairy and low intake of grains, had lower risk of MS (OR 0.50; 95% CI 0.36-0.68) and all its components: central obesity (OR 0.52; 95% CI 0.41-0.65), raised BP (OR 0.72; 95% CI 0.59-0.87), raised TG (OR 0.67; 95% CI 0.52-0.85), raised FG (OR 0.64; 95% CI 0.43-0.95) and lowered HDL-C (OR 0.53; 95% CI 0.42-0.68) compared to the individuals in the lowest quintile. In a study performed by Esmaillzadeh et al. 16 subjects in the highest quintile of 'healthy' DP (high in fruits, vegetables, tea, fruit juices and whole grains) had lower odds ratio for MS while subjects in the highest quintile of 'Western' DP (mostly high in refined grains, red and processed meat, high-fat dairy and sweets)-higher odds ratio for the MS (OR 0.61; 95% CI 0.30-0.79 and OR 1.68; 95% CI 1.10-1.95, respectively), compared with individuals in the lowest quartiles of these patterns. Arisawa et al. 17 did not found any associations between patterns identified in the Japanese population and the prevalence of MS but observed that 'prudent' DP, characterized by high consumption of vegetables and fruits, was inversely linked with reduced HDL-C level (P = 0.04) and raised BP (P = 0.05).
High intake of vegetables and fruits may have protective effect against the presence of MS and its components, possibly through C-reactive protein reduction. 6 Strong negative association observed in the herein study between 'fruit & vegetables' pattern and raised BP may also result from high potassium content in the diets belonging to the upper quartile of that pattern, compared to the bottom quartile (P < 0.0001). 19 The third derived in our study DP was also characterized by relatively high content of vegetables. It was called 'traditional', due to the fact that it had the highest factor loadings for two typical for Polish cuisine items: mixed dishes and soups. However, in spite of frequent consumption of vegetables in mixed dishes and soups, high adherence to 'traditional' DP did not reduce the risk of MS, what indicates a stronger effect of other components of this pattern on analyzed outcomes. Obtained results draws attention to the differences between nutritional value of food products and dishes prepared using different cooking techniques, which may cause lower or greater losses of nutrients and antioxidant activity. 20 Based on the above results, high intake of recommended food products, such as vegetables and fish, may be insufficient to provide beneficial effect on health in the situation of simultaneous consumption of unhealthy food. At the same time, according to other studies, avoidance of not recommended food products may be less important for secondary prevention of cardiovascular events than greater consumption of healthy foods. 21 Depending on the studied population, 'traditional' diets may have beneficial (e.g. Mediterranean diet) or harmful properties (e.g. specific ethnic patterns). 22, 23 In a large study on the relationship between DPs and MS performed in the Polish population from the Kielecki Region by Suliga et al. 18 a traditional pattern high in boiled potatoes, refined grains, soups, whole milk and sugar and sweets ('traditional-carbohydrate') was also identified, together with 'healthy' and 'westernized' DPs. Both in this study and in our study patterns defined as traditional, despite significant differences in their composition, were associated with the higher risk of abdominal obesity in studied populations of two different regions in Poland.
Most of the associations between DPs and MS in the herein study became insignificant when the data were adjusted for potential confounders. Low education level, rural place of residence, low occupational class and income, inadequate alcohol consumption, smoking status and low physical activity level are considered the most important socioeconomic and lifestyle risk factors for CVD and MS. 2, 24, 25 However, DPs themselves are also associated with socioeconomic status and unhealthy dietary habits were often linked to unhealthy lifestyle. 26, 27 In another analysis of the Polish arm of the PURE study, subjects from the upper quartile of 'traditional' pattern had significantly higher odds ratio for living in the rural areas (OR 3.04; 95% CI 2.09-4.41) whereas in the upper quartile of 'fat & sugar' DP a higher OR for current smoking (1.49; 95% CI 1.00-2.23) and a lower OR for having university education level (0.53; 95% CI 0.35-0.80) was observed (data unpublished). Such a strong relationship between diet and socioeconomic factors leads to the conclusion that increasing awareness of the role of the proper DP in MS prevention is especially important in group of subjects with lower socioeconomic status.
Some limitations of our study should be considered. Because this is a cross-sectional study, it is not possible to assess the causal relationship between identified DPs and MS and obtained results should be confirmed in prospective analyses. As DPs were derived a posteriori their interpretation may be somewhat subjectivehowever this is also the strength of our study because the results obtained using this method better correspond to the actual dietary habits of studied subjects than analysis based on the a priori assumptions. Study participants were volunteers recruited through the radio and television announcements which means that it was not a representative sample. Presented study was performed using standardized methods and validated FFQ of good quality. 
Key points
DPs identified in this study allow to evaluate the synergistic effect of the diet on the occurrence of MS and its components. 'Western' and 'traditional' DPs may be associated with the increased risk of MS. Inversely, high adherence to the 'fruit & vegetables' DP may be linked with lower risk of its development. The healthy DP is possible to implement in practice because it is already characteristic for some individuals in the study population. Nutritional education should be focused on higher consumption of items characteristic for the 'fruit & vegetables' DP: fruits, vegetables, nuts, seeds and raisins. 
Introduction
C
ancer has a significant effect on public health and economy. Cancer is the second most common cause of death in Western countries. 1 As life expectancy increases, cancer incidence increases. 2 Cancer prevalence is as well on the rise as evolving cancer treatments augment cancer survival. Because of the growth in both incidence and prevalence, health care resources are required increasingly to treat cancer. Albeit medical advances in cancer treatments bring hope to many cancer patients, keeping cancer in remission may require long periods of high-cost cancer treatment. 3, 4 Individual and population level perspectives emphasize the need for effective cancer prevention in order to lessen suffering and financial burden.
Previous research shows that many health behaviours, such as smoking, high alcohol consumption, the lack of exercise or unhealthy diet increase cancer risk. 5, 6 It has been estimated, that smoking causes 20% of all the cancer mortality, 7 and cancer incidence could be halved in industrialized countries by changing key lifestyle habits. 8 However, most of the previous research has only examined lifestyle habits individually, although in reality lifestyle habits co-occur. It is known that the effect of one risk factor can modify the effect of another risk factor and thus a joint association of two risk factors might differ from each other's individual effect. In fact, there is evidence that the joint association of lifestyle habits can be highly significant when considering cancer risk. [9] [10] [11] [12] These studies showed, that physical activity can reduce breast cancer risk among obese 9 and the healthier lifestyle habits you have, the lower the risk for postmenopausal breast cancer, 10 colorectal cancer 12 and pancreatic cancer. 11 Research also shows that when certain lifestyle habits co-occur, their joint association to cancer mortality can be
